Abstract. Bearing in mind the instant innovations in renewables and the pressures to adopt ecological behaviors, companies are pushed to make changes in the energy field as well. Especially companies in the automotive sector have begun to implement sustainable production practices. The Czech Republic is not an exception, suggesting that sustainable actions have begun to be more significant at the local level as well. This article addresses the state of the art of using sustainable energy actions, concentrating on the renewable energy in the automotive supplier network within a selected region in the Czech Republic. Analyzing a broad context of renewable energy utilization at the regional level, the researched company sample shows that it is not yet a common practice. The results confirm that renewable energy sourcing needs to find its economic viability or justification in environmental legislation. Only then it can further spread along the automotive supply chain.
Introduction
Global growth trends in vehicle sales make the automotive sector powerful worldwide, reflected in direct and indirect employment and industrial output share (ACEA, 2016) . In the Czech Republic, up to 25% of the country's industrial production and 7,4% of GDP is covered by the automotive industry (Kozelský and Novák, 2015) , (Autosap, 2014) . It belongs thus to the most important industrial sectors at the national as well as regional level.
Social changes such as urbanization, sharing and circular economy and sustainability concepts (Banaitė, Tamošiūnienė 2016; Strielkowski et al. 2016; Tvaronavičienė 2016; Ahmed et al. 2017 ) all influence the automotive industry. The transformation of the automobile industry is mirrored in the visionary statement by General Motors´s CEO, who said in 2016, "I believe the auto industry will change more in the next 5 -10 years than it has in the last 50." (Barra, 2016) . More or less discreet signs show that the automotive industry is undergoing a second revolution both in car production and in use. On one hand, it is connected to cities' development, their growing needs, and the cost increase of fossil fuel exploitation (Freyssenet, 2011) . On the other hand, the revolution is based on connectivity and changing customer attitudes.
Environmental focus is a clear trend in the automotive industry. According to (Kannegiesser et al., 2014) , the transportation sector is among the top sources of greenhouse gas (GHG) emissions. More specifically, significant GHG emissions are produced along the production lifecycle, beginning with raw material exploration to the vehicle end-of-use. As a consequence, automotive companies are forced to develop not only smarter and safer cars, but also cleaner. Companies are pressed to initiate green practices, such as environmental management systems, a green balanced scorecard and green supply chain management. Evidence shows that European vehicle manufacturers have continuously reduced the environmental impact of vehicle production (ACEA, 2016) .
Manufacturing of automotive parts is a complex process and belongs to the one of the most energy intensive sectors with high energy consumption. Energy is included in many processes in vehicle production, directly or indirectly. The press line, body shell work, material handling equipment, paint finishing system, casting, assembly, inspection and testing all require energy input. Additionally, energy is employed in space heating, steam applications and in the curing ovens of the painting lines (Pardo Martínez, 2011) .
Although cars have been equipped to be cleaner, the production complexity has increased affecting also the related energy demand. The tendency of cleaner car production goes hand in hand with technological development. Owing to an energy consumption increase together with the combustion of fossil fuels and volatile conventional energy prices, energy efficiency programs ranging from the thermal insulation of buildings to modern energy supply systems proliferate. Improvement in the energy efficiency of production has resulted in an overall energy consumption decrease of 12,4% over the last decade.
Renewable energy sources (RES) are important part of GHG emission reduction, affecting the climate positively. RES accounted for 24% of electricity generation globally in 2014. More specifically, cumulative renewable electricity installed capacity grew by 8% in 2014 worldwide (from 1,579 GW to 1,712 GW) (2014 Renewable Energy Data Book, 2015 . On the other hand, 13,5% of the world energy consumption was covered by renewable energy (including biomass). Nevertheless, it is only about 4,5% when excluding ecologically inconvenient firewood in developing countries (Müller-Steinhagen and Nitsch, 2005) .
From the consumption as well as the production point of view, RES are finding their place in the automotive industry. As the automotive companies are willing to develop environmentally-friendly vehicles and introduce sustainable production processes, there is further potential space for RES. To illustrate, innovative automotive companies in Germany are investing in sustainable energy projects as part of their company strategy aligning with "Energiewende" politics.
To sum up, the background for this study was motivated especially by recent clean energy projects and continuous innovations in RES technologies. These sustainability initiatives result in the optimization of energy consumption and a decreased impact on the environment. This article explores the current utilization and future potential of RES in selected automotive supply chain companies in the Czech Republic. The study addresses the highly up-to-date connection between renewables and the automotive industry from the production perspective. A case study approach was chosen to analyze RES consumption and its potential implementation. The background associations to energy and environmental management systems is presented and future trends are outlined.
Literature review
The sustainability concept began to be used in connection with ecological and economic systems in 1970s. Later, it was applied in many areas, including the vehicle manufacturing industry. The basic sustainability concept of the triple bottom line (3BL) introduced by (Elkington, 1997) , combines three dimensions of sustainability: economic, social and environmental. This holistic approach measures their impact on profit, people and the planet. Aligned with Porter strategic differentiation, green business solutions contribute to potential competitive advantage.
Environmental responsibility in form of environmentally friendly and more efficient processes enables thus potential differentiation for businesses. The product and process innovations allow for additional benefits in-cluding cost savings. From this point of view, the environmental responsibility should be seen as "economic and competitive opportunity, not as an annoying cost or inevitable threat." (Porter and van der Linde, 1995) .
Based on the literature sources, there is a close association of energy with environmental considerations in regard of sustainability. The most widely applied sustainability reporting guidelines (the Global Reporting Initiative) classify energy as an environmental aspect. As automotive supply chains are affected by energy prices and GHG emissions constrains, they increasingly implement reducing strategies and create thus solutions through the overall manufacturing process to reduce waste in energy consumption. The authors (Golinska and Kosacka, 2014) present main trends in the energy management in the automotive sector: renewable energy, high-efficiency lighting systems, stand-by systems for equipment, thermal isolation and automated control systems.
As the study concentrates on RES, a convenient definition by the Texas Renewable Energy Industry Alliance (TREIA) needs to be mentioned at this phase: Renewable energy is a resource that is regenerated naturally and originated either directly from the sun (geothermal, photoelectric and photochemical), or indirectly from the sun (hydropower, wind, and photosynthetic energy stored in biomass -organic plant and waste material, landfill gas) (Shin et al., 2016) . Generally, RES are seen as more expensive than fossil fuels (Goldemberg, 2007) . However, some sorts of clean energy sources are not consistently available, because of weather conditions and climate factors. On the other hand, RES use reduces the environmental impact of production processes and decrease their ecological footprints. Therefore, specific governmental incentives encourage firms in RES adoption. Some authors (Andrade and Puppim De Oliveira, 2015) advocate increasing corporate investment in developing and utilizing RES resources. Simultaneously, the global climate and energy governance have been supporting the effective RES implementation.
Diversification of the energy portfolio mix contributes to the energy security and affects positively vulnerability. In this context, renewable energy sources seem to be affordable means of relief from external energy dependency even though distortions of energy markets might take place (Bilan et al., 2017) . As mentioned by (Streimikiene et al., 2016) , the renewable energy proportion is relevant indicator for sustainable energy development. Based on Eurostat database the Czech Republic with RES proportion 13,4% has been lagging behind some other European countries (for example Lithuania with 23,9% in 2014).
It is important to mention that the overall political, legal and social framework sets the rules for the sustainable energy development. Relevant legal framework in the automotive sector includes EU regulations transferred into national law such as:
- At the organizational level, the International Standards Organization's ISO 9001 covers overall process of continual improvement and effective business operations. The ISO 14000 standards deal with environmental management providing companies with a framework for evaluating and minimizing the environmental impact of their business operations. This type of certification might be seen as a criterion for companies that have implemented environmental management systems (Mishra and Napier, 2015) . The certification of the energy management system ISO 50001 brings together energy efficiency and financial impacts. At the same time it tackles environmental problems with greenhouse gas emissions.
When adopting sustainable measures, comprehensive life cycle approach has been preferred in the automotive industry. Four stages of car life cycle are important from the environmental point of view: -Design, -Manufacturing and logistics, -Utilization -and end of life (Parkinson and Thompson, 2003) In each of these stages, energy consumption optimization is possible. Design for sustainability as a theoretical background is based on the design-for-X (DfX) principles. This approach implements renewable sources of energy as an element of the design for resource utilization and economy. A comprehensive overview of design for sustainability in automotive is provided by (Mayyas et al., 2012) . RES belong to the core trends in innovative product design and sustainable manufacturing processes (Jawahir et al., 2007) .
A wide range of studies analyze the sustainability issues from different perspectives. Key sustainable practices from the manufacturing perspective in the Chinese auto industry were examined by (Wang et al., 2015) . Another study by (Drohomeretski et al., 2015) reviewed literature sources to identify sustainability practices and performance measures in the automotive sector. Some mostly observed environmental practices were ecodesign (17,9% of all examined studies), the use of cleaner fuels (14,9%), waste reduction (13,4%) and material reuse (11,9%). Additionally, improved production procedures and internal quality system certification were observed as well. Analyzing environmental aspects and impacts of the automotive industry, authors (Breno Nunes and David Bennett, 2010) identified green activities in production, namely building construction, operations and manufacturing processes.
Some authors proceed further, advocating the positive relationship between corporate sustainability and firm financial performance. A meta-analysis of the corporate environmental performance and corporate financial performance relationship by (Dixon-fowler et al., 2013) supported that it ''pays to be green." Reference (Shin et al., 2016) shows specific association between RES utilization and firm performance, confirming superior financial performance of RES utilizing companies compared to their industry competitors. On the contrary, there are empirical studies showing mixed results not fully supporting environmental management effect on the financial performance. In case of the market reaction to announcements of environmental performance, certain types of announcements were valued even negatively (Jacobs et al., 2010) . Some authors come to the conclusion that environmental considerations are influenced by company characteristics: bigger companies with international presence should be more likely environmentally oriented when innovating and tend to be more eco-design oriented. In case of energy reduction no significant differences were found (Peiró-Signes et al., 2014).
The supplier structure plays vital role in the environmental and energy management. Supply chain management can be defined as various types of companies working together in the fields of product, information and finance flow. Most important members in the automotive sector include suppliers, warehouses (tier 1-3), original equipment manufactures (OEMs), distribution centers, dealers and customers. Based on (Sitek and Wikarek, 2014) a representative structure (Fig. 1 ) of a simple two tier supply chain is presented. Strategic environmental management has been introduced along the whole supply chain, including OEMs and tier suppliers. Some specific energy-related issues, in particular the choice between fossil fuels and RES, need to be considered in the design and operation of modern sustainable supply chains (Ahi et al., 2016) . Seen from the supply chain perspective, authors (Bilan et al., 2017) conclude that green supply chain management is driver for the business performance. It can be summarized that renewable energy has been recently one of the essential topics in the field of energy management overreaching to sustainability concepts and sectoral analyses. Contemporary research associated with sustainability and renewable energy use has been emerging. In the study it will be empirically analyzed to what extent is clean energy management important in the plant functioning.
Methodology
The research question related to the aim of the paper is defined as follows: What is the potential of RES in the selected automotive supply chain companies in the Czech region Moravia?
The applied research method is based on qualitative multiple case study, including explanatory approach. The methods of qualitative research allowed for intentional non-random sampling. Sample of five automotive supplier companies from automotive sector in the Czech region Moravia were chosen. The respondents' positions were directly or indirectly connected to either environmental management or energy management.
Primary as well as secondary data were used in the study. The data were collected via a semi-structured questionnaire. To get well structured information, a combination of open-end and closed-end questions was chosen in the questionnaire. Reverse order Likert scale was applied in one question. The data were collected in the period June 2016 -September 2016. Some additional company data (employee numbers and supplier classification) were obtained via Czechinvest database. The qualitative and quantitative information from the questionnaire was analyzed, including companies' annual reports and web pages. Comparisons to find associations and similarities within qualitative variables were performed.
Findings
The Czech Republic has a long tradition in manufacturing industry. Particularly the vehicle manufacturing sector represents a key industry belonging to the major employer. As the industry is globally interconnected, the automotive production networks are organized in vertically integrated supplier chains. The Czech automotive firms can be further classified into assemblers, OEM´s, and three supplier tiers differing by the complexity of manufactured components and by company characteristics (firm size, corporate power they wield in production networks) (Pavlínek and Ženka, 2015) . Large suppliers and OEM´s source the Czech market as well as international markets, whereby the main car makers are Škoda Auto, Hyundai Motor Manufacturing Czech and Toyota Peugeot Citroën Automobile.
The company sample for the analysis was chosen so that diverse companies within Moravia region related to the automotive sector are present. The automotive industry in the the Moravia region, being located in the southeastern part of the Czech Republic belongs to the important industrial sectors. The industrial potential including various representatives of automotive supply chain relies in machinery manufacturing, particularly in the area of plastics and rubber (Zlin region) and mechanical engineering companies and representatives of automotive components suppliers (Olomouc region).
Following basic companies´ characteristics give an overview of the sample and introduce the companies' background. The company A is a production co-operative founded in Zlin in 1965. The company focuses primarily on the manufacturing and distribution of small electromechanical products, parts for the automotive industry.
Being an original equipment manufacturing supplier, second company B is a large producer of off-road tires (agricultural, industrial, motorcycle) . Although the history of the company dates back to the 1933, the data in this paper relate to the regional plant built in 2013 with the production of radial agricultural tires. With history back to 1930´s, company C operates actively from 1992. The main business area includes production of vehicle tires (automobiles, industrial vehicles, automotive trucks). Company D being the smallest (based on employee numbers) and youngest one -operating since 2012, produces single-purpose machines and is active in vehicle headlights assembly. Finally, company E has diversified production portfolio concentrating on production of plastic parts, laminate tubes and machine tools.
Together with basic company data, Scaling the priorities in RES investments only confirms current status. Companies with zero RES utilization, report lowest priority in the RES investments. Additionally, negative financial impact from the investment is expected (in one case). To be more specific, pay-back period measure (PBP) being more than three years seems to be a hurdle rate. Three other companies with RES experience see at least negligibly positive effect on the financial performance.
It was also observed that tangible financial benefits together with environmental legislation are the main driver for the current RES utilization. Also flexibility of decision-making in smaller businesses might play a role. On the other hand, fluctuations in solar and wind energy supply caused by weather conditions might be additional burden for baseload demand.
Future trends and developments regarding the RES in the examined automotive businesses concentrate on saving measures and decreasing environmental impacts. The anticipated projects encompass own substation within the plant or solar thermal collector systems for water heating and auxiliary space heating. Other priorities within the broad field of environmental care such as savings related to water consumption or industrial waste elimination were mentioned.
Many of the companies have invested in energy saving initiatives to reduce energy consumption. As a next step, when the saving potential of fossil-fuel-based technologies is exhausted, the RES implementation would make sense. Energy cost savings compared to the initial investment in renewable equipment seem to be the toughest burden to overcome. The research shows challenging task to overcome internal and external barriers within the companies. As the main consideration is related to the pay-back period measure, potential incentives for RES implementation include initial governmental support. Some other potential drivers encompass legal requirements and standards and requirements by stakeholders. Along with financial reasoning, the benefits would include increased competitive position and reduced environmental impact.
Conclusions
Based on the study findings and aligned with the literature it can be concluded that RES as a sustainable practice are finding their way to the automotive sector companies. Signs of increased interest can be found at the regional level. Three out of five researched businesses already utilize RES, all of them confirming positive financial impact as well.
It needs to be mentioned that the long-term view of alternative sources of energy is automatically compared to other prospective company projects in an organization (marketing, production capacity expansion, product quality improvement and many others). On the other hand, legislative requirements, potential cost reduction, company image and growing public pressure push forward the motivation to invest in sustainable projects. Multiple case study survey confirmed that energy saving measures and emission reduction play important role within the complex environmental and energy management field. Confirming the results from the literature sources, the sustainable production design starts to play an important role.
However, pro-environmental and energy behavior in the regional automotive assembly industry seems to be still lacking behind current trends in the developed countries. Barriers and drivers for RES adoption need to be further examined. Bottom-up principle in RES adoption needs to be in line with the energy policies. Aligned with some research conclusions (Bilan et al., 2017) , healthy energy balance mix of traditional sources and RES should be supported. Municipal projects and community collaboration in sustainable and renewable energy adoption need to be supported as well. Despite obvious barriers such as technological and economic there is a huge potential for behavioral applications and social science contribution.
The limitation of the paper is related to the non-randomness of the sample and sample quantity. Although the study includes representatives from the automotive supply chain varying in the main business, size or legal entity, more companies in the sample would allow for quantitative analysis with more generalizable results.
Possible extension of the research could be an analysis of a representative dataset of automotive companies with application of statistical testing. Also comparison of the renewable energy potential between smaller firms and larger firms, or among the companies within tier groups would bring interesting results. Comparison to the Nordic automotive businesses could indicate sustainable business models for this industry, as Nordic countries utilize high shares of RES within their overall energy consumption. Other related research questions to be answered in the future research include: -What are the proportions of renewables in the companies along the automotive supply chains? -What are the effects of instable energy prices on automotive sector performance? -How are local firms prepared for the new/alternative energy sources?
In conclusion, the market demand for fuel-efficient cars is linked to the sustainable production as well. Along with the development of automobiles running on technologies differing from the internal-combustion engine, the manufacturing and assembly of these cars in facilities powered by alternative energies will evolve. Beginning with major car manufacturers, it is a question of time when the alternative energy sources will spread along the whole supply chain.
